We give a global description of the branches of positive solutions of first-order impulsive boundary value problem:
Introduction
Some evolution processes are distinguished by the circumstance that at certain instants their evolution is subjected to a rapid change, that is, a jump in their states. Mathematically, this leads to an impulsive dynamical system. Differential equations involving impulsive effects occur in many applications: physics, population dynamics, ecology, biological systems, biotechnology, industrial robotic, pharmacokinetics, optimal control, etc. Therefore, the study of this class of impulsive differential equations has gained prominence and it is a rapidly growing field. See [-] and the references therein.
Let us consider the equation 
u (t) + a(t)u(t) = λf t, u(t)
, and
Some special cases of (.), (.) have been investigated. For example, Nieto [] considered the (.), (.) with λ ≡ , a ≡ . By using Schaeffer's theorem, some sufficient conditions for existence of solutions of the IBVP (.), (.) with λ ≡ , a ≡  were obtained.
Li, Nieto, and Shen [] studied the existence of at least one positive periodic solutions of (.), (.) with λ ≡ , a ≡ m (m is a constant). By using Schaeffer's fixed-point theorem, they got the solvability under f satisfied at most linear growth and I k is bounded or f is bounded and I k satisfied at most linear growth.
Liu [] studied the existence and multiplicity of (.), (.) with λ ≡ , by using the fixedpoint theorem in cones, and he proved the following: 
It is worth remarking that the [, , ] only get the existence of solutions, and there is not any information of global structure of positive periodic solutions.
By using global bifurcation techniques, we obtain a complete description of the global structure of positive solutions for (.), (.) under weaker conditions. More precisely, our main result is the following theorem. 
Theorem . Let (H), (H), and (H
From (H), it is easy to see that the f  , f ∞ may be not exist, the method used in [] is not helpful any more in this case. Remark . Condition (H) means that f is not necessarily linearizable near  and infinity. So, we will apply the following global bifurcation theorems for mappings which are not necessarily smooth to get a global description of the branches of positive solutions of (.), (.), and then, we obtain the existence and multiplicity of positive solutions of (.), (.).
for λ = a and λ = b, where (a, ), (b, ) are not bifurcation points of (.). Furthermore, assume that
where B r () is an isolating neighborhood of the trivial solution. Let 
Then there exists a connected component
for all u with u ≥ R. Furthermore, assume that
for R >  large. Then there exists a closed connected set C of solutions of (.) that is unbounded in [a, b] × V , and either
The rest of the paper is organized as follows: In Section , we state some notations and preliminary results. Sections  and  are devoted to study the bifurcation from infinity and from the trivial solution for a nonlinear problem which are not necessarily linearizable, respectively. Finally, in Section , we consider the intertwining of the branches bifurcating from infinity and from the trivial solution.
Preliminaries
is continuous at t = t k , left continuous at t = t k , and the right limit u t 
where G(t, s) is the Green's function of
and
where 
We extend the function f to functionf , defined on [, ] × R bȳ
For λ ≥ , the problem
is equivalent to the operator equation
. http://www.boundaryvalueproblems.com/content/2012/1/83
Remark . For λ > , if u is a nontrivial solution of (.), from the positivity of G(t, s) andf , we have that u(·) >  on [, ]
, so u is a nontrivial solution of (.), (.). Therefore, the closure of the set of nontrivial solutions (λ, u) of (.
The problem (.) is now equivalent to the operator equation
In the following, we shall apply the Leray-Schauder degree theory, mainly to the mapping
denote the degree of λ on B R with respect to .
Bifurcation from infinity
In this section, we are devoted to study the bifurcation from infinity.
Lemma . Let ⊂ R + be a compact interval with
Proof Suppose on the contrary that there exists {(μ n , u n )} ⊂ × PC[, ] with u n → ∞ (n → ∞), such that μ n (u n ) = . We may assume μ n →μ ∈ . By Remark .,
From (H), (H), we know that u n
- A μ n (u n ) is bounded in PC[, ], so {v n } is a relatively compact set in PC[, ] since A μ n : PC[, ] → PC  [,
] is bounded and continuous and
Now, from condition (H), we know that there exist
From (H), we have that
So,
, and λ  (b ∞ ), respectively. Then we have from the (.) that
Letting n → ∞, we have
we obtain that
and consequentlȳ
Similarly, we deduce from (.) that
. This contradictsμ ∈ . http://www.boundaryvalueproblems.com/content/2012/1/83
Hence, for any R ≥ R  ,
which implies the assertion.
On the other hand, we have
where
Proof Let us assume that for some sequence {u n } in PC[, ] with u n → ∞ and numbers
and we conclude from Remark . that u n >  in [, ]. So we have
Choose σ >  such that
From u n → ∞, then exists N * > , such that
and consequently
Thus,
this contradicts (.).
Proof By Lemma ., there exists R  >  such that
for all R ≥ R  . The assertion follows.
We are now ready to prove 
It is easy to check that for R >R, all of the conditions of Theorem D are satisfied. So, there exists a closed connected set C n of solutions of (.) that is unbounded in [a n , b n ] × PC[, ], and either
. By Lemma ., the case (ii) cannot occur. Thus, C n bifurcates from infinity in [a n , b n ] × PC [, ] and is unbounded in λ direction. Furthermore, we have from Lemma . that for any closed interval I ⊂ [a n ,
and is unbounded in λ direction.
Assertion (i) of Theorem . follows directly. http://www.boundaryvalueproblems.com/content/2012/1/83
Bifurcation from the trivial solutions
In this section, we shall study the bifurcation from the trivial solution for a nonlinear problem which is not necessarily linearizable near  and infinity. As in Section , let
Proof Suppose on the contrary that there exists
Now, from condition (H), we know that there exist ρ
accordingly, we have , applying (.), it follows that
Thus,λ  (a  ) ≥ λ( -σ ), this contradicts with (.).
